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Abstract
Background: Dysphagia is a common and serious complication after (chemo)radiotherapy (CRT) for head-and-neck
cancer (HNC) patients. Prophylactic swallowing exercises (PSE) can have a significantly positive effect on post-
treatment swallowing function. However, low adherence rates are a key issue in undermining this positive effect.
This current randomized trial will investigate the effect of adherence-improving measures on patients’ swallowing
function, adherence and quality of life (QOL).
Methods: This ongoing trial will explore the difference in adherence and swallowing-related outcome variables
during and after PSE in HNC patients performing the same therapy schedule, receiving different delivery methods.
One hundred and fifty patients treated in various hospitals will be divided into three groups. Group 1 performs PSE
at home, group 2 practices at home with continuous counseling through an app and group 3 receives face-to-face
therapy by a speech and language pathologist. The exercises consist of tongue-strengthening exercises and chin-
tuck against resistance with effortful swallow. The Iowa Oral Performance Instrument and the Swallowing Exercise
Aid are used for practicing. Patients are evaluated before, during and after treatment by means of strength
measurements, swallowing and QOL questionnaires.
Discussion: Since low adherence rates undermine the positive impact of PSE on post-treatment swallowing
function, there is need to develop an efficient PSE protocol maximizing adherence rates.
Trial registration: ISRCTN, ID: ISRCTN98243550. Registered retrospectively on 21 December 2018.
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Background
Dysphagia is a common and widely reported complica-
tion after (chemo)radiotherapy (CRT) for head-and-neck
cancer (HNC) patients and can persist for a long period
of time [1–5]. Fifty to 60% of the HNC patients under-
going CRT may experience significant post-treatment
dysphagia involving both muscle weakness and incoord-
ination/timing issues [6–8]. The medical consequences
(e.g., feeding-tube dependency, malnutrition, aspiration
pneumonia) have a major negative impact on daily func-
tioning and health-related quality of life (QOL) and can
even be life-threatening [9–15]. These consequences and
the high prevalence of swallowing disorders in HNC pa-
tients stress the importance of prevention, monitoring
and management of this problem [16].
Based on literature and clinical experiences, it can be
concluded that nowadays there is no “gold-standard” in
the assessment or treatment of dysphagia in HNC pa-
tients [17, 18]. An increasing number of studies show
that prophylactic swallowing exercises (PSE) can have a
significantly positive effect on post-treatment swallowing
function, can lead to significantly less muscle atrophy
and can improve dysphagia-related QOL in HNC pa-
tients treated with CRT [7, 19–24]. However, low adher-
ence rates are a key issue in undermining these positive
effects. Reported adherence rates, with adherence de-
fined as “the extent to which patient behavior corre-
sponds with recommendations from a health care
provider,” range from 13 to 64% [21, 25–31]. A possible
reason for low adherence rates is the additional demand
that PSE programs put on the patient, during an already
burdensome period [20]. Furthermore, Shinn et al. [25]
and Wells and King [30] showed that the etiology can be
multifactorial; e.g., forgetting, absence of supervision or
the fact that patients do not experience the problem at
the start of the exercises.
The indications that PSE can improve patients’ swal-
lowing function and swallowing-related QOL show the
crucial, urgent and internationally recognized need for
an effective PSE program augmented with measures that
may add to adherence [7, 19–25, 27]. Apart from patient
characteristics and disease-related aspects, several stud-
ies show the impact of different measures on adherence:
therapist-supervised exercises, regular counseling and
reinforcement sessions, clear and repeated instructions,
feedback on successful performance, target setting (e.g.,
number of repetitions/days) and limited duration [7, 27,
30, 32, 33]. Also, therapist supervision and a close rela-
tionship with a therapist play a crucial role in patients’
satisfaction, compliance and individual beliefs in per-
sonal skills [30].
Up to now, studies comparing standard PSE with a
PSE program augmented with adherence-improving
measures are lacking. The randomized controlled trial
(RCT) of Wall et al. [26] included 79 patients and inves-
tigated whether therapy adherence to prophylactic swal-
lowing exercises was influenced by the delivery method
of the exercises. Three different methods were com-
pared. The first group received face-to-face therapy by a
speech and language pathologist (SLP), the second group
used a telepractice application and the third group prac-
ticed independently at home. Adherence was calculated
based on the completion of all prescribed exercises. Sig-
nificantly better adherence rates were found in the group
receiving face-to-face therapy and a trend towards better
results was found in the group using the application.
This current multicenter randomized trial will investi-
gate the effect of adherence-improving measures on ac-
tual patient compliance, swallowing function and QOL.
Patient adherence to a prophylactic swallowing-therapy
protocol will be examined across three models, similar
to the delivery methods in the RCT of Wall et al.: (1)
self-help standard PSE (control group), (2) self-help app-
supported PSE (app group) and (3) a SLP-supported PSE
(therapist group). Our study differs from the above-
mentioned study in the type of exercises given, the num-
ber of patients included and the adherence-specific mea-
sures. The goal of the proposed randomized trial is to
develop an optimized PSE program, incorporating pa-
tient tolerance and support for the exercise program.
The findings of this project should be helpful in setting
up future guidelines and directions. The final patient
benefit will be improved swallowing function and QOL.
This study aims to
 Conduct a prospective randomized trial investigating
the effect of specific adherence measures on
patients’ actual compliance, wellbeing, muscle
strength, swallowing function and QOL during and
following CRT
 Increase insight in the underlying reasons for (non-
)adherence in this patient population
Methods
Study population
Patients with a stage III or IVA-B (TNM7) newly diag-
nosed squamous cell carcinoma of the oropharynx are
considered as possible participants. Inclusion criteria
are: patients treated with radiotherapy or concomitant
CRT (CCRT) with or without induction chemotherapy
and demonstrating sufficient cognitive and language
abilities. The presence of a recurrent carcinoma or me-
tastasis from another carcinoma and previous CRT or
surgery in the head-neck region, with possible impact on
swallowing function, are exclusion criteria. The patients
will be recruited by a radiation oncologist and SLP. The
SLP explains the study protocol and study design and as-
signs participants to the interventions.
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Minimization
All subjects who give consent for participation and who
fulfill the inclusion criteria are randomly assigned to one
of the three groups with a 1:1:1 allocation by means of
the program QMinim. It is an online minimization ser-
vice supported by the Information and Communication
Technology (ICT) Unit of the Antwerp University Hos-
pital. Minimization factors are age (20–60 years vs. ≥ 60
years), treating center, presence of baseline dysphagia
and treatment (radiotherapy vs. CCRT).
As this is an open-label trial, the minimization proced-
ure and outcome assessment will not be blinded.
Study design
The study will be a multicenter RCT. All patients will be
training five times a week during the first 4 weeks of
CRT. Baseline measurements will be done before the
start of CRT. Every week during the training, immedi-
ately after CRT and at 1 and 3months following treat-
ment, patients will be evaluated by radiation therapists
and SLPs. Table 1 shows an overview of the study visits
and evaluations during the study. Prophylactic swallow-
ing exercises are the same in all groups and comprise
evidence-based exercises targeting the main muscle
groups involved in swallowing; namely, muscles involved
in tongue strength, pharyngeal contraction and laryngeal
elevation/upper esophageal sphincter opening. These
strengthening exercises include tongue-strengthening
exercises (TSE) and chin-tuck against resistance (CTAR)
combined with an effortful swallow. First, TSE will be
performed since tongue strength is the main bolus-
driving force and reduced tongue strength can cause oral
and pharyngeal residue and aspiration [34–36]. Second,
CTAR exercises are used since they have a significant
impact on the suprahyoid muscles, with a positive effect
on laryngeal elevation and upper esophageal sphincter
opening [37, 38]. The third exercise consists of effortful
swallows in combination with the chin-tuck. Effortful
swallows have been shown to improve the tongue-base
posterior motion and can increase tongue-base
pharyngeal-wall pressures [39]. It is hypothesized that
the chin-tuck in combination with an effortful swallow
stimulates the pharyngeal musculature [38].
The different exercises described above alternate dur-
ing the sessions: all subjects start their first session with
TSE and perform CTAR exercises and effortful swallow-
ing in the next session. Tongue-strengthening exercises
consist of 120 tongue presses and are divided into 12
sets of 10 repetitions with a 30-s rest between sets and
with the target level set at 80% of 1 repetition maximum
(1RM, i.e., the maximum amount of pressure that can be
generated in one repetition) [34, 40–44]. The next ses-
sion CTAR exercises and effortful swallows are per-
formed. Each CTAR session consists of 150 chin-tucks
Table 1 Study visits and evaluations
Study period
Enrollment Allocation Post allocation

















PSE – control group X
PSE – app group X
PSE – therapist group X
Assessments:
Patient, disease and therapy
characteristics
X
Swallowing function X X X X X
Muscle strength X X X X X
Impact of mucositis X X X X X
Quality of life X X X X
Attitudes towards exercises X
Overall fatigue X X
RT radiotherapy, PSE prophylactic swallowing exercises
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against resistance at a target level of 60–70% [45] of the
1RM (i.e., in this study, the maximum chin-tuck strength
that can be generated). These chin-tucks are divided into
30 sets of five repetitions with an effortful swallow at
every fifth repetition. In both tongue and chin-tuck exer-
cises, a successful repetition was defined as reaching the
target level and holding the contraction for 3 s, using the
green light (TSE) as biofeedback or tactile biofeedback
(CTAR). According to the principle of progressive over-
load, maximal tongue strength and strength of the
suprahyoid muscles and correspondent levels of resist-
ance are measured at baseline and recalculated subse-
quently every week [44].
All subjects will be randomly assigned into the previ-
ously defined groups: control group, app group and ther-
apist group. The groups differ in degree and kind of
adherence-improving measures. All groups have some of
these measures in common. Restricting the duration to
the first 4 weeks of CRT is a first method to increase
compliance since the literature shows that in the last 2–
3 weeks of therapy the feasibility of completing exercises
decreases [20, 33]. Receiving visual and tactile feedback
on their performance via the therapeutic devices is a sec-
ond method. The differences in adherence-improving
measures between the groups are illustrated in Table 2.
The first group (control group) will perform the exer-
cises at home, without supervision of a SLP but with a
counseling session of 10 min every week. Group 2 (app
group) practices at home but receives continuous
counseling and gets instructions by videos via an appli-
cation on a tablet, developed in collaboration with
Cyborn, Antwerp, Belgium (www.cyborn.be). Generally,
mobile health applications are considered to be possible
tools to improve traditional health care [46]. By means
of gamification, the app helps, supports and motivates
the patients to practice. The app registers when the pa-
tients practice, how many repetitions they do and when
they succeed in doing the exercises. Group 3 (therapist
group) is given face-to-face therapy and will be coun-
seled by a SLP five times per week. All patients will
complete the first session with supervision of the SLP,
irrespective of their group. The intervention will be dis-
continued on participant request or in case of worsening
disease, requiring major changes in treatment. Reasons
for discontinuing will be stored in a database.
Instrumentation
Maximal tongue strength is measured by the Iowa Oral
Performance Instrument (IOPI) Pro, model 3.1 (IOPI
Medical LLC, Woodinville, WA, USA). This is a small,
portable instrument connected to an air-filled bulb.
Maximal isometric pressure can be measured anteriorly
and posteriorly, MIPa and MIPp, respectively. The digital
display shows the amount of pressure that the tongue
produces (in kilopascal, kPa) when squeezing the bulb
against the palate. In the anterior position, the proximal
end of the bulb is placed immediately behind the upper
teeth at the midline of the palate. In the posterior
Table 2 Study design
Inclusion n = 150






Therapy schedule • 5x/week (30–40 min) • 5x/week (30–40 min) • 5x/week (30–40 min)
• 4 weeks • 4 weeks • 4 weeks
• Home practice • Home practice but app-supported • Therapist supervised
Exercises • TSE • TSE • TSE
• CTAR • CTAR • CTAR
• Effortful swallow • Effortful swallow • Effortful swallow
Adherence measurements
• Supervision No (home practice) No (home practice – app) Yes (face-to-face
therapy)
• Counseling Counseling 1x/week by SLP
(10′)
Counseling 1x/week by SLP (10′) & continuous counseling
via app
Counseling by SLP 5x/
week
• Feedback on performance Yes – instrumental Yes – instrumental Yes – instrumental & by
SLP





• Instructions via app: animation videos
• Each session by the
SLP
• Target setting Yes Yes Yes
• Limited duration Yes – first 4 weeks of CRT Yes – first 4 weeks of CRT Yes – first 4 weeks of
CRT
TSE tongue-strengthening exercises, CTAR chin-tuck against resistance, SLP speech and language pathologist, CRT (chemo)radiotherapy
Baudelet et al. Trials          (2020) 21:237 Page 4 of 10
position, the bulb is placed at the level of the transition
from the hard to the soft palate. The subjects are
instructed to push the bulb as hard as possible against
the palate. The highest value of three trials is considered
the MIP. Tongue-strengthening exercises are done using
the IOPI Trainer, model 3.2 (Fig. 1), which is similar to
model 3.1. The device allows the therapist to set a target
manually. There is a vertical series of small lights provid-
ing visual feedback: the upper light becomes green when
the subject reaches the target. The TSE only consists of
anterior tongue presses since previous research shows
that the increase in tongue strength depends on the
localization of the bulb: higher increases of anterior and
posterior tongue strength are obtained when training ex-
clusively anteriorly [47]. Patients are instructed to
squeeze the bulb against the hard palate until the upper
light becomes green and are asked to hold this effort for
3 s [48].
Maximal chin-tuck strength (in Newtons, N) is mea-
sured by means of a dynamometer (Microfet™, Biomet-
rics, Almere, The Netherlands) (Fig. 2). Patients are
asked to place their chin on the chin bar and keep their
mouth and teeth closed. A fixed belt stabilizes the pa-
tients’ head. They are instructed to press their chin down
as hard as possible. The highest value of three trials is consid-
ered the maximal isometric chin-tuck strength. Based on this
value, the resistance level can be assessed using the conver-
sion table from Kraaijenga et al. (value from 1 to 6) [38, 45].
The CTAR exercises are performed using the Swallowing
Exercise Aid (SEA) (Fig. 3). It is a medical device remodeled
by a technician of the Netherlands Cancer Institute by add-
ing a chest bar to one of the mouthpieces of the commer-
cially available TheraBite Jaw Mobilization device (Atos
Medical, Hörby, Sweden) [38]. The ActiveBand can be
placed at various, marked positions depending on the desired
resistance. The minimal resistive load is 4 N (position 1) and
the maximal resistive load is 50 N (position 6). Subjects are
asked to hold the device with one hand, place the chest bar
against the chest and put their chin on the chin bar. They
are instructed to press the chin bar towards the chest bar
and hold this effort for 3 s. At every fifth repetition, patients
are asked to press the chin bar against the chest bar and
swallow as hard as they can (effortful swallow).
Outcome measures
The primary outcome measure of this study is the swal-
lowing function, based on scores of the Mann Assess-
ment of Swallowing Ability-Cancer (MASA-C) [49].
Next to this measurement, patients are asked to fill out
the Eating Assessment Tool-10 [50] and a Visual Analog
Scale. The Functional Oral Intake Scale [51] is filled in
by a SLP. The swallowing function is assessed at base-
line, weekly during the weeks of exercise, immediately
after CRT and 1 and 3months after CRT (Table 1).
There are three secondary outcome measures: (1) de-
gree of compliance, (2) muscle strength and (3) QOL.
The degree of compliance is expressed as the total number
of exercises performed per week, based on daily patient
(group 1 and 2) and therapist (group 3) registration. The
number of performed tongue-strengthening exercises is re-
corded automatically by means of the IOPI. In group 2, the
degree of compliance is also expressed by the time spent on
the app, which is registered automatically. The compliance is
assessed during the first 4 weeks of CRT. MIPa, MIPp and
strength of the suprahyoid muscles are examined at the same
time as the swallowing function (Table 1) and are measured
using the IOPI and a dynamometer. The Swallowing
Quality-of-Life Questionnaire [52] and the Dysphagia Handi-
cap Index [53] examine the swallowing-related QOL and are
assessed at baseline, at the end of CRT and 1 and 3months
after CRT (Table 1).
All these evaluations are performed by a SLP.
Confounders
Patient, disease and therapy characteristics
Patient and situational characteristics are questioned at
baseline and include age, gender, educational level, social
status, experience with mobile phones, tablets, etc. and
Fig. 1 Iowa Oral Performance Instrument, model 3.2 (IOPI Medical
LLC, Woodinville, WA, USA)
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Fig. 2 Examination frame and dynamometer (MicrofetTM, Biometrics, Almere, The Netherlands)
Fig. 3 Swallowing Exercise Aid (SEA)
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the presence of support from family or friends. The
question about the experience with mobile phones and
tablets is an open question that allows the patients to
answer extensively. The question about the support is a
closed question: yes/no and who. The NEO Five Factor
Inventory is used to examine the personality of the pa-
tient [54]. The disease and therapy characteristics in-
clude location of the carcinoma, stage, treatment,
fractionation, TNM classification (TNM7) and human
papillomavirus (HPV) status. This information is gained
by radiation oncologists, head and neck surgeons and
otolaryngologists.
Evaluation of the impact of mucositis
The Oral Mucositis Weekly Questionnaire [55] is used
to measure the symptoms of mucositis and the impact
on the patient’s well-being and function.
Evaluation of attitudes towards exercising, motivation and
fatigue
The attitudes on exercises are surveyed by the question-
naire of Sluijs, Kok and Van der Zee [56] and the overall
fatigue of the patients is evaluated by the Multidimen-
sional Fatigue Inventory [57] (Table 1).
Data management and monitoring
The datasets generated during the study will be stored in
a non-publicly available repository. All clinical record
forms are collected and managed using REDCap (Re-
search Electronic Data Capture) electronic data capture
tools hosted at Ghent University Hospital [58]. This is a
secure, web-based application designed to support data
capture for research studies. All patient information (ex-
cept identifying information), questionnaires and mea-
surements are stored for 20 years. The researchers from
each participating institution have access to the data of
their patients. All data is pseudonymized and patients’
details are encoded. The principle investigator and the
researcher at the University Hospital in Ghent manage
the entire database.
In order to avoid introducing bias, no interim analyses
will be performed. As the experimental interventions
caries minimal risks, no data monitoring committee will
be implemented, nor will there be a stopping procedure.
There is no anticipated harm and so no compensation
for trial participation. After completing the trial, partici-
pants will be followed by the radiation oncologist and
head and neck surgeon or otolaryngologist and, if neces-
sary, they will be referred to any other specialist.
Serious adverse events will be reported to the Ethical




The sample size calculation is performed using
GLIMMPSE32 and based on published data on MASA-
C scores [49]. A total sample size of 111 participants (37
per group), is needed to demonstrate a different evolu-
tion over time in the experimental groups and the con-
trol group at a significance level of 0.05 and a power of
0.8 when using repeated measures with Geisser-
Greenhouse correction (3 groups × 4 time points). Based
on previous research on prophylactic swallowing exer-
cises by Carnaby-Mann and colleagues [19], we expect a
baseline MASA-C score of 195, with a decay in the first
6 weeks to 171 in the control group, 177 in the app
group and 180 in the therapist group. After 6 weeks we
assume no further decline. A standard deviation of 11 is
considered for the MASA-C scores at each time point,
this is also based on the standard deviations (SDs) re-
ported in Carnaby-Mann et al. [19]. First-order auto-
regressive correlation (AR [1]) is assumed for the covari-
ance structure between the repeated measures, with a
base correlation of 0.4 and a decay rate of 0.5. The tar-
geted total sample size, taking into account more than
20% dropouts, is 150 (n = 50/group).
Data analysis
Patients will be analyzed in the groups to which they are
assigned (intention-to-treat). Descriptive statistics will be
used to summarize patient characteristics per treatment
group. Data will be analyzed using linear mixed-effects
models with group, time and group by time interaction
as fixed effects. A random intercept will be added to ac-
count for correlation between measurements coming
from the same individual. When one or more overall ef-
fects are significant, post-hoc pairwise testing with
Bonferroni-Holm correction for multiple testing will be
performed. Missing data is assumed to be missing at ran-
dom (MAR) and, thus, will be ignored in the analyses. By
using mixed-effects models for the analysis, we can in-
corporate all information on the available time points. If
more than 15% of the data is missing, a sensitivity analysis
will be conducted by using multiple imputation. Results of
the original analysis of the available cases will be inter-
preted in the context of sensitivity analysis.
Additionally, the impact of adherence, HPV status,
dosimetry and mucositis on the different functional end-
points will be studied in exploratory linear mixed-effects
models. Fixed main-effects and interactions with group
for all these factors will be evaluated.
More details on the primary, secondary and explora-
tory analyses can be found in the statistical analysis plan.
A p value of less than 0.05 will be considered statisti-
cally significant. All analyses will be conducted using
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SPSS Statistics version 25 (IBM, Chicago, IL, USA) and
R software (R Foundation, Auckland, New Zealand).
Patient and public involvement
Pre-recruitment there has been a try-out with a small
number of patients. They were questioned about the
feasibility of the exercise protocol. Also, during the study
all participants are asked about their experiences regard-
ing the exercises. In the context of the application, all
patients are questioned about their familiarity with
smartphones, tablets and computers. Before the start of
the study, the application has been tested by a number
of people from different age groups.
Study sites
This multicenter study will be conducted at the follow-
ing sites: Antwerp University Hospital, Ghent University
Hospital, University Hospital Leuven, Academic Hospital
Sint-Jan Bruges, Sint-Augustinus Antwerp and other
partners of the Iridium Cancer Network.
All participating centers have extensive experience in
research on head-and-neck cancer and dysphagia. Data
collection in these hospitals enables the study to include
enough patients and gives the study sufficient power.
Discussion
An increasing number of studies have shown a signifi-
cantly positive effect of PSE on swallowing function in
HNC patients treated with CRT. However, low adher-
ence rates are a major issue, preventing clinical imple-
mentation of PSE. There is an internationally recognized
need to develop the most efficient PSE protocol in which
the adherence rates are maximized. This multicenter
randomized trial will investigate the effect of adherence-
improving measures on actual patient compliance, swal-
lowing function, muscle strength and QOL. It is ex-
pected that this study will result in an optimized,
patient-supported and evidence-based PSE program im-
proving patient compliance.
Abbreviations
1RM: 1 repetition maximum; AR (1): First-order auto-regressive correlation;
CCRT: Concomitant chemoradiotherapy; CRT: (Chemo)radiotherapy;
CTAR: Chin-tuck against resistance; HNC: Head-and-neck cancer; HPV: Human
papillomavirus; IOPI: Iowa Oral Performance Instrument; MAR: Missing at
random; MASA-C: Mann Assessment of Swallowing Ability–Cancer;
MIPa: Anterior maximal isometric pressure; MIPp: Posterior maximal isometric
pressure; PSE: Prophylactic swallowing exercises; QOL: Quality of life;
RCT: Randomized controlled trial; REDCap: Research Electronic Data Capture;
SEA: Swallowing exercise aid; SLP: Speech and language pathologist;
TSE: Tongue-strengthening exercises
Acknowledgements
This work has been performed with the aid of a research grant from Kom
Op Tegen Kanker.
Authors’ contributions
Conception and design: GVN, FD, AG, SN, LVDS. Drafting of the manuscript:
GVN, MB, LVDS. Critical revision and feedback: MB, LVDS, FD, MDB, SD, AG, IH,
SM, SM, DN, SN, MP, PS, MVDB, LVDM, CV, OV, JVD, CVL, TV, HV, GVN. Study
coordination: GVN, MB. Patient recruitment: MB, LVDS, FD, SD, AG, IH, SM,
DN, SN, CV, TV, HV, GVN. Data management and statistical analysis: MB, LVDS,
GVN. Obtaining funding and supervision: GVN, FD. All authors have read and
approved the manuscript.
Funding
This work has been performed with the aid of a research grant from Kom
Op Tegen Kanker. This funding source had no role in the design of this
study and will not have any role during its execution, analyses, interpretation
of the data, or decision to submit results.
Availability of data and materials
The datasets generated during the current study are not publicly available
since they will contain patient data and the informed consent does not
include sharing-data publicly. The datasets are available from the corre-
sponding author on reasonable request.
All clinical record forms will be collected and managed using REDCap
(Research Electronic Data Capture) electronic data capture tools hosted at
Ghent University Hospital [58].
Ethics approval and consent to participate
This research protocol was reviewed and approved by the Ethical
Committee of the Antwerp University Hospital and the University of Antwerp
(Ethisch Comité van het Universitair Ziekenhuis Antwerpen en de Universiteit
Antwerpen) (ref approval no. B300201835273). Recruitment in other centers
will not begin until local ethical approval has been obtained.
The registration number of the trial is ISRCTN98243550.
Patients will be asked for permission to participate in the trial and to collect
and use their data by means of an informed consent. This will be obtained




The authors declare that they have no competing interests.
Author details
1Department of Radiation Oncology, Ghent University Hospital, Corneel
Heymanslaan 10, 9000 Ghent, Belgium. 2Faculty of Medicine and Health
Sciences, Department of Human Structure and Repair, Ghent University, St.
Pietersnieuwstraat 33, 9000 Ghent, Belgium. 3Faculty of Medicine and Health
Sciences, University of Antwerp, Universiteitsplein 1 Wilrijk, 2610 Antwerp,
Belgium. 4Department of Otolaryngology and Head and Neck Surgery –
Rehabilitation Center for Communication Disorders, Antwerp University
Hospital, Antwerp, Belgium. 5Faculty of Medicine and Health Sciences,
Department of Rehabilitation Sciences, Ghent University, St.
Pietersnieuwstraat 33, 9000 Ghent, Belgium. 6Department of Radiation
Oncology, KU Leuven, University Hospitals Leuven, Leuven, Belgium.
7Department of ENT, University Hospitals Leuven, Swallowing Clinic, Leuven,
Belgium. 8Department of Head and Neck Surgery, University Hospitals
Leuven, Swallowing Clinic, Leuven, Belgium. 9Department of Radiation
Oncology, AZ Sint-Jan General Hospital, Bruges, Belgium. 10Department of
Radiation Oncology, Iridium Kanker Netwerk, Antwerp, Belgium.
11Multi-disciplinary Oncological Center Antwerp, Antwerp, Belgium.
12Laboratory of Experimental Radiotherapy, Department of Oncology, KU
Leuven, Leuven, Belgium. 13Department Medical Oncology, Antwerp
University Hospital, Antwerp, Belgium. 14Department of Head and Neck
Oncology and Surgery, Antoni van Leeuwenhoek, Netherlands Cancer
Institute, Amsterdam, The Netherlands. 15Faculty of Humanities, University of
Amsterdam, Spui 21, 1012 WX Amsterdam, The Netherlands. 16Department
of Speech-Language Pathology and Audiology, Sint-Jan General Hospital,
Bruges, Belgium. 17Department of Otorhinolaryngology, Sint-Augustinus
Hospital, Antwerp, Belgium. 18Department of Otorhinolaryngology-Head and
Neck Surgery, AZ Sint-Jan General Hospital, Bruges, Belgium.
Baudelet et al. Trials          (2020) 21:237 Page 8 of 10
Received: 31 October 2019 Accepted: 13 February 2020
References
1. De Felice F, de Vincentiis M, Luzzi V, Magliulo G, Tombolini M, Ruoppolo G,
et al. Late radiation-associated dysphagia in head and neck cancer patients:
evidence, research and management. Oral Oncol. 2018;77:125–30.
2. Hutcheson KA, Lewin JS, Barringer DA, Lisec A, Gunn GB, Moore MW, et al.
Late dysphagia after radiotherapy-based treatment of head and neck
cancer. Cancer. 2012;118(23):5793–9.
3. Nguyen NP, Moltz CC, Frank C, Vos P, Smith HJ, Karlsson U, et al. Long-term
aspiration following treatment for head and neck cancer. Oncology. 2008;
74(1–2):25–30.
4. Al-Mamgani A, Mehilal R, van Rooij PH, Tans L, Sewnaik A, Levendag PC.
Toxicity, quality of life, and functional outcomes of 176 hypopharyngeal
cancer patients treated by (chemo)radiation: the impact of treatment
modality and radiation technique. Laryngoscope. 2012;122(8):1789–95.
5. Rosenthal DI, Lewin JS, Eisbruch A. Prevention and treatment of dysphagia
and aspiration after chemoradiation for head and neck cancer. J Clin Oncol.
2006;24(17):2636–43.
6. Gillespie MB, Brodsky MB, Day TA, Lee FS, Martin-Harris B. Swallowing-
related quality of life after head and neck cancer treatment. Laryngoscope.
2004;114(8):1362–7.
7. Kulbersh BD, Rosenthal EL, McGrew BM, Duncan RD, McColloch NL, Carroll
WR, et al. Pretreatment, preoperative swallowing exercises may improve
dysphagia quality of life. Laryngoscope. 2006;116(6):883–6.
8. Messing BP, Ward EC, Lazarus CL, Kim M, Zhou X, Silinonte J, et al.
Prophylactic swallow therapy for patients with head and neck cancer
undergoing chemoradiotherapy: a randomized trial. Dysphagia. 2017;32(4):
487–500.
9. Govender R, Smith CH, Gardner B, Barratt H, Taylor SA. Improving
swallowing outcomes in patients with head and neck cancer using a
theory-based pretreatment swallowing intervention package: protocol for a
randomised feasibility study. BMJ Open. 2017;7(3):e014167.
10. Dysphagia Section OCSGMAoSCiCISoOO, Raber-Durlacher JE, Brennan MT,
Verdonck-de Leeuw IM, Gibson RJ, Eilers JG, et al. Swallowing dysfunction in
cancer patients. Support Care Cancer. 2012;20(3):433–43.
11. Terrell JE, Ronis DL, Fowler KE, Bradford CR, Chepeha DB, Prince ME, et al.
Clinical predictors of quality of life in patients with head and neck cancer.
Arch Otolaryngol Head Neck Surg. 2004;130(4):401–8.
12. Langendijk JA, Doornaert P, Verdonck-de Leeuw IM, Leemans CR, Aaronson
NK, Slotman BJ. Impact of late treatment-related toxicity on quality of life
among patients with head and neck cancer treated with radiotherapy. J
Clin Oncol. 2008;26(22):3770–6.
13. Epstein JB, Emerton S, Kolbinson DA, Le ND, Phillips N, Stevenson-Moore P,
et al. Quality of life and oral function following radiotherapy for head and
neck cancer. Head Neck. 1999;21(1):1–11.
14. Denaro N, Merlano MC, Russi EG. Dysphagia in head and neck cancer
patients: pretreatment evaluation, predictive factors, and assessment during
radio-chemotherapy, recommendations. Clin Exp Otorhinolaryngol. 2013;
6(3):117–26.
15. Krisciunas GP, Castellano K, McCulloch TM, Lazarus CL, Pauloski BR, Meyer
TK, et al. Impact of compliance on dysphagia rehabilitation in head and
neck cancer patients: results from a multi-center clinical trial. Dysphagia.
2017;32(2):327–36.
16. Rutten H, Pop LA, Janssens GO, Takes RP, Knuijt S, Rooijakkers AF, et al.
Long-term outcome and morbidity after treatment with accelerated
radiotherapy and weekly cisplatin for locally advanced head-and-neck
cancer: results of a multidisciplinary late morbidity clinic. Int J Radiat Oncol
Biol Phys. 2011;81(4):923–9.
17. Krisciunas GP, Sokoloff W, Stepas K, Langmore SE. Survey of usual practice:
dysphagia therapy in head and neck cancer patients. Dysphagia. 2012;27(4):
538–49.
18. Roe JW, Carding PN, Rhys-Evans PH, Newbold KL, Harrington KJ, Nutting
CM. Assessment and management of dysphagia in patients with head and
neck cancer who receive radiotherapy in the United Kingdom—a web-
based survey. Oral Oncol. 2012;48(4):343–8.
19. Carnaby-Mann G, Crary MA, Schmalfuss I, Amdur R. “Pharyngocise”:
randomized controlled trial of preventative exercises to maintain muscle
structure and swallowing function during head-and-neck
chemoradiotherapy. Int J Radiat Oncol Biol Phys. 2012;83(1):210–9.
20. van der Molen L, van Rossum MA, Burkhead LM, Smeele LE, Rasch CR,
Hilgers FJ. A randomized preventive rehabilitation trial in advanced head
and neck cancer patients treated with chemoradiotherapy: feasibility,
compliance, and short-term effects. Dysphagia. 2011;26(2):155–70.
21. Hutcheson KA, Bhayani MK, Beadle BM, Gold KA, Shinn EH, Lai SY, et al. Eat
and exercise during radiotherapy or chemoradiotherapy for pharyngeal
cancers: use it or lose it. JAMA Otolaryngol Head Neck Surg. 2013;139(11):
1127–34.
22. Carroll WR, Locher JL, Canon CL, Bohannon IA, McColloch NL, Magnuson JS.
Pretreatment swallowing exercises improve swallow function after
chemoradiation. Laryngoscope. 2008;118(1):39–43.
23. Virani A, Kunduk M, Fink DS, McWhorter AJ. Effects of 2 different swallowing
exercise regimens during organ-preservation therapies for head and neck
cancers on swallowing function. Head Neck. 2015;37(2):162–70.
24. Duarte VM, Chhetri DK, Liu YF, Erman AA, Wang MB. Swallow preservation
exercises during chemoradiation therapy maintains swallow function.
Otolaryngol Head Neck Surg. 2013;149(6):878–84.
25. Shinn EH, Basen-Engquist K, Baum G, Steen S, Bauman RF, Morrison W, et al.
Adherence to preventive exercises and self-reported swallowing outcomes in
post-radiation head and neck cancer patients. Head Neck. 2013;35(12):1707–12.
26. Wall LR, Ward EC, Cartmill B, Hill AJ, Porceddu SV. Adherence to a prophylactic
swallowing therapy program during (chemo) radiotherapy: impact of service-
delivery model and patient factors. Dysphagia. 2017;32(2):279–92.
27. Cnossen IC, van Uden-Kraan CF, Rinkel RN, Aalders IJ, de Goede CJ, de Bree
R, et al. Multimodal guided self-help exercise program to prevent speech,
swallowing, and shoulder problems among head and neck cancer patients:
a feasibility study. J Med Internet Res. 2014;16(3):e74.
28. Sabaté E. Adherence to long-term therapies: evidence for action. Geneva:
World Health Organization; 2003.
29. Rand CS. Measuring adherence with therapy for chronic diseases:
implications for the treatment of heterozygous familial
hypercholesterolemia. Am J Cardiol. 1993;72(10):68D–74D.
30. Wells M, King E. Patient adherence to swallowing exercises in head and
neck cancer. Curr Opin Otolaryngol Head Neck Surg. 2017;25(3):175–81.
31. Vitolins MZ, Rand CS, Rapp SR, Ribisl PM, Sevick MA. Measuring adherence
to behavioral and medical interventions. Control Clin Trials. 2000;21(5
Suppl):188S–94S.
32. Peek K, Sanson-Fisher R, Mackenzie L, Carey M. Interventions to aid patient
adherence to physiotherapist prescribed self-management strategies: a
systematic review. Physiotherapy. 2016;102(2):127–35.
33. Van den Steen L, Vanderveken O, Vanderwegen J, Van Gestel D, Daisne JF,
Allouche J, et al. Feasibility of tongue strength measurements during
(chemo)radiotherapy in head and neck cancer patients. Support Care
Cancer. 2017;25(11):3417–23.
34. Robbins J, Gangnon RE, Theis SM, Kays SA, Hewitt AL, Hind JA. The effects
of lingual exercise on swallowing in older adults. J Am Geriatr Soc. 2005;
53(9):1483–9.
35. Dejaeger E, Pelemans W, Ponette E, Joosten E. Mechanisms involved in
postdeglutition retention in the elderly. Dysphagia. 1997;12(2):63–7.
36. Butler SG, Stuart A, Leng X, Wilhelm E, Rees C, Williamson J, et al. The
relationship of aspiration status with tongue and handgrip strength in
healthy older adults. J Gerontol A Biol Sci Med Sci. 2011;66(4):452–8.
37. Sze WP, Yoon WL, Escoffier N, Rickard Liow SJ. Evaluating the training
effects of two swallowing rehabilitation therapies using surface
electromyography—Chin Tuck Against Resistance (CTAR) exercise and the
shaker exercise. Dysphagia. 2016;31(2):195–205.
38. Kraaijenga SA, van der Molen L, Stuiver MM, Teertstra HJ, Hilgers FJ, van den
Brekel MW. Effects of strengthening exercises on swallowing musculature
and function in senior healthy subjects: a prospective effectiveness and
feasibility study. Dysphagia. 2015;30(4):392–403.
39. Lazarus C, Logemann JA, Song CW, Rademaker AW, Kahrilas PJ. Effects of
voluntary maneuvers on tongue base function for swallowing. Folia
Phoniatr Logop. 2002;54(4):171–6.
40. Robbins J, Kays SA, Gangnon RE, Hind JA, Hewitt AL, Gentry LR, et al. The
effects of lingual exercise in stroke patients with dysphagia. Arch Phys Med
Rehab. 2007;88(2):150–8.
41. Oh JC. Effects of tongue strength training and detraining on tongue
pressures in healthy adults. Dysphagia. 2015;30(3):315–20.
42. Park JS, Kim HJ, Oh DH. Effect of tongue strength training using the Iowa
Oral Performance Instrument in stroke patients with dysphagia. J Phys Ther
Sci. 2015;27(12):3631–4.
Baudelet et al. Trials          (2020) 21:237 Page 9 of 10
43. Rogus-Pulia N, Rusche N, Hind JA, Zielinski J, Gangnon R, Safdar N, et al.
Effects of device-facilitated isometric progressive resistance oropharyngeal
therapy on swallowing and health-related outcomes in older adults with
dysphagia. J Am Geriatr Soc. 2016;64(2):417–24.
44. Burkhead LM, Sapienza CM, Rosenbek JC. Strength-training exercise in
dysphagia rehabilitation: principles, procedures, and directions for future
research. Dysphagia. 2007;22(3):251–65.
45. Kraaijenga SAC, Molen LV, Stuiver MM, Takes RP, Al-Mamgani A, Brekel
M, et al. Efficacy of a novel swallowing exercise program for chronic
dysphagia in long-term head and neck cancer survivors. Head Neck.
2017;39(10):1943–61.
46. Starmer HM, Abrams R, Webster K, Kizner J, Beadle B, Holsinger FC, et al.
Feasibility of a mobile application to enhance swallowing therapy for
patients undergoing radiation-based treatment for head and neck cancer.
Dysphagia. 2018;33(2):227–33.
47. Van den Steen L, Schellen C, Verstraelen K, Beeckman AS, Vanderwegen J,
De Bodt M, et al. Tongue-strengthening exercises in healthy older adults:
specificity of bulb position and detraining effects. Dysphagia. 2018;33(3):
337–4.
48. Van Nuffelen G, Van den Steen L, Vanderveken O, Specenier P, Van Laer C,
Van Rompaey D, et al. Study protocol for a randomized controlled trial:
tongue strengthening exercises in head and neck cancer patients, does
exercise load matter? Trials. 2015;16:395.
49. Carnaby GD, Crary MA. Development and validation of a cancer-specific
swallowing assessment tool: MASA-C. Support Care Cancer. 2014;22(3):595–
602.
50. Cheney DM, Siddiqui MT, Litts JK, Kuhn MA, Belafsky PC. The ability of the
10-Item Eating Assessment Tool (EAT-10) to predict aspiration risk in
persons with dDysphagia. Ann Otol Rhinol Laryngol. 2015;124(5):351–4.
51. Crary MA, Mann GD, Groher ME. Initial psychometric assessment of a
functional oral intake scale for dysphagia in stroke patients. Arch Phys Med
Rehabil. 2005;86(8):1516–20.
52. Vanderwegen J, Van Nuffelen G, De Bodt M. The validation and
psychometric properties of the Dutch version of the Swallowing Quality-of-
Life Questionnaire (DSWAL-QOL). Dysphagia. 2013;28(1):11–23.
53. Silbergleit AK, Schultz L, Jacobson BH, Beardsley T, Johnson AF. The
Dysphagia Handicap Index: development and validation. Dysphagia. 2012;
27(1):46–52.
54. Costa PT, MacCrae RR. Revised NEO Personality Inventory (NEO-PI-R) and
NEO Five-factor Inventory (NEO-FFI) professional manual. Odessa:
Psychological Assessment Resources; 1992.
55. Epstein JB, Beaumont JL, Gwede CK, Murphy B, Garden AS, Meredith R, et al.
Longitudinal evaluation of the oral mucositis weekly questionnaire-head
and neck cancer, a patient-reported outcomes questionnaire. Cancer. 2007;
109(9):1914–22.
56. Sluijs EM, Kok GJ, van der Zee J. Correlates of exercise compliance in
physical therapy. Phys Ther. 1993;73(11):771–82 discussion 83-6.
57. Smets EM, Garssen B, Bonke B, De Haes JC. The Multidimensional Fatigue
Inventory (MFI) psychometric qualities of an instrument to assess fatigue. J
Psychosom Res. 1995;39(3):315–25.
58. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research
electronic data capture (REDCap)—a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform. 2009;42(2):377–81.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Baudelet et al. Trials          (2020) 21:237 Page 10 of 10
